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k~r   i~q~r)d~q; (2)




, ~v is the particle
velocity, while integration is over the vectors perpendicular to the particle path
(~q ? ~v). As it is seen from (2), the eld of the moving charged particle can
be interpreted as a sum of secondary waves with wave vectors
~
k + ~q. When
the crystal is distorted in a way that the characteristic length of the lattice









b(~r   ~u)); (3)
where summation is performed with respect to the reciprocal lattice vectors
~
b, ~u
is the vector displacement of the elementary cell from its initial position. Taking






























are slow functions of the coordinates. Substituting
(4) into (1) and using the principle of superposition, after multiplying both






h~u) and integrating over the elementary
















































































h takes all the values of the reciprocal lattice vectors. When deriving these
equations we neglect small terms of second and higher order (i.e., the terms





of rst derivatives by one another, and by 
h
as for x-ray frequency range
jj~10
 6
). The left-hand side of system (5) completely coincides with the Takagi
equations [9] for x-ray diraction in distorted crystals. Let us consider the case,
2

















. After separating the radiation into the normal and
coplanar polarizations one can nd the separate systems of two equations for























































where index  = ;  indicates the polarization type ( corresponds to the
normal polarization when the amplitudes are perpendicular to the plane com-








, and  corresponds to the coplanar polarization








































































































































F . To solve the problem of nding a relativistic electron's
QCR eld it is necessary to specify boundary conditions for the system (6).













) = 0; (7)
where ~r
p
is the radius vector of a point on the crystal entrance surface, as is no
radiation eld before the crystal. The number of -quanta with the energy h!























where (x; y) are the coordinates of exit surface of the crystal. Equations (6) with
the boundary conditions (7) may be analytically solved only for certain types
of distortions of crystals. It should be mentioned that since these equations
without right-hand side are the same as for the case of x-ray diraction in the
distorted crystal [9] and since the solution of inhomogeneous equations can be
built by the solutions of homogeneous part of that equations then the problem of
QCR is analytically solvable for each type of distortions for which the problem
of x-ray diraction is analytically solvable. For example they may be solved
analytically in the case of quadratic deformations of crystalline lattice [8] (that
is, in the case of temperature gradient or crystal bending). In common case they
will be solved approximately by analytic or numeric methods. We have studied
3
obtained QCR equations by numeric methods for two practically interesting










These type of distortions are generated when a piezocrystal is excited by
an alternating voltage with the resonant frequency of the sample (the time
dependence in (9) is omitted, as the time of particle transmission trough the
crystal is much less than the period of the acoustic vibrations). In the second
case the crystal is heated on one side and is cooled on the other one, so that the
direction of the temperature gradient is perpendicular to the reection planes,
and the function
~












In both cases the crystal is oriented by the symmetric Laue geometry when
the diraction vector is parallel to the entrance surface of crystal. In these
cases
~
h~u depends only on the coordinate perpendicular to the diraction vector
~
h, and the equations (6) can be reduced to the system of ordinary dieren-
tial equations. The calculations are carried out by the Runge-Kutta numeric
method for the parameter values according to experimental data of [10]. The
results for acoustic vibration case are presented in the Figs. Fig.1 shows the
energy or the frequency dependence of the number of radiated -quanta emitted
in the diraction direction for various values of the amplitude of the acoustic
vibrations. Fig. 2 shows the dependence of the integral number of the emitted
QCR -quanta on the amplitude of the acoustic vibrations.
Fig 1. The frequency dependence of QCR radiated photons' number for
dierent values of acoustic vibrations' amplitude ( = 0 is equivalent
to E = 10:1KeV ): a)u
0
=d = 0; b) u
0
=d = 30; c) u
0
=d = 60 (d is the
interplane distance).
4
Fig 2. The integral number of diracted -quanta depended on the
acoustic vibration's amplitude.
As it is seen from Figs, the QCR intensity increases several times with the
increase of the amplitude of the acoustic vibrations. For the high values of
the vibration amplitude the intensity curve goes to the saturation. The similar
results are obtained in the case of temperature gradient. These results are in
good agreement with the experimental results of [10] and [11].
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